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INTRODUCTION 


Folded Ammunition is a unique concept in ammunition design that 
relocates the propellant charge from the convention position behind 
and coaxial with the projectile to one beside the projectile (Figure 
1). US Patent 3857339, shown in Appendix A, documents this concept. 
For a given energy output, conventional axially symmetric ammunition 
cartridges do not provide the most efficient geometrical shape for a 
minimum system parametric profile (system length, weight and bulk). 
Reconfiguration of the cartridge using the Folded Ammunition approach 
makes possible now what had previously been unattainable in the way of 
weapon/ammunition system optimization. 


Figure 2 depicts the Weapon/Ammunition systems relationships in 
diagramed cross-sectional view. The basis for weight saving in the 
Folded Cartridge can be seen as the result of complete support afforded 
by the weapon which permits use of a uniformly thin-walled cartridge casc. 
In addition to the significant savings in cartridge weight, the shortened 
cartridge length results in another important system improvement, i.e., 
shortened minimum bolt stroke of the weapon. At least two weapon benefits 


‘arise from this attribute. These are: (1} a greater range in cyclic rate 


capability including increased cyclic rate if desired, and (2) reduced 
bolt velocity for a given cyclic rate. This latter feature would be a 
direct contributing factor to increased weapons parts life. 


Perhaps the most far-reaching attribute of the Folded Ammunition 
concept is the significant reduction in "packing volume" occupied by the 
cartridge in comparison to conventional axisymmetrically shaped ammunition. 
Figure 3 reveals the geometrical basis for this statement of fact. The 
packing volume occupied by the cartridge is defined as the minimum dimension 
rectangular solid encasing the cartridge. The shaded area around the car- 
tridge represents dead space which detracts from packing efficiency. In 
this illustration, a conventional 5.56 mm FABRL cartridge is shown in 
side and end views with appropriate dimensions. The packing volume 
of this cartridge is: 


N52 Aged? “0323. an? 
where: 
Vp = packing volume in inches? 
1 = cartridge length in inches 
d = cartridge case base diameter in inches 
In contrast, the three views of # 5.56 mm Folded Cartridve represent 
the cartridge size in the folded confipuration required to house the same 


propellant charge and fire the same projectile at the same velocity as 
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the conventional. Using the same packing volume analogy as that fur the 
conventtonal cartridge, it can be seen that the packing volume (rectangular 
volume or envelope occupied by the folded cartridge) is significantly smaller 
than that of the conventional cartridge. This is verified by calculating 

the new cartridge volume. Thus: 


vin = It wh = 0,228 in? 
where 
V5 = packing volume in inches? 
L' = cartridge length in inches 
w = cartridge width in inches ‘ 
h = cartridge height in inches 


This represents about a 29 percent volume decrease based on the pack- 
ing volume of the conventional 5.56 mm FABRL cartridge. This is the dramatic 
space saving result of Folded Ammunition. 


Using examples in all three caliber regimes (small, automatic cannon and 
large), the comparisons shown in Figure 4 have been projected to show the 
universality of cartridge geometric and weight savings that can accrue using 
the folded design. It is interesting to note that even though the 30 mm 
GAU-8 cartridge has an aluminum case, a weight reduction is still indicated 
in the folded version utilizing a thin wall steel case. An excellent illus- 
tration of the operational potential of this new idea is to compare the 
effect it would have on the infantry soldier using the MI6Al rifle and 
5.56 mm ammunition as a reference. In the infantry squad, the rifleman 
can carry 450 rounds comprising a weight of about 16.4 pounds. With 
Folded Ammunition, this weight is reduced to 13.5 pounds. Or, keeping 
the ammunition load at 16.4 pounds, he would carry approximately 574 
rounds, an increase of 124 cartridges (27 percent of the basic load). 

In addition to this, it is estimated that weapon length could be decreased 
(due to reduced length of bolt stroke and chamber) with a resultant weight 
saving of about 1/4 pound. 


In connection with the shortened bolt stroke of the weapon, at least 
two advantages are pertinent. Of course, rate of fire can be extended 
more easily into the higher ranges if that is desired. But, for a given 
rate of fire, the shortened bolt stroke should enable weapon designers to 
reduce acceleration of the bolt and associated parts with a resultant 
benefit to parts life. 


From the systems viewpoint, and aside from the logistic aspects, 
improvement in space utilization is of particular importance equally 
in vehicle and tank turret application. This is true not only for 
ammunition oriented space utilization, but also for weapon intrusion 
into otherwide cramped quarters. Shortened ram stroke requirements 
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play a significant rele here. Additionally, the advantages in system 
applications to aircraft where volume and/or weight savings can be 
critical should not be overlooked. 


DISCUSSION 


Based on the significant potential advantages offered by the concept 
of Folded Ammunition, a hardware-oreinted study was undertaken to in- 
vestigate the basic feasibility of this new idea and determine the prac- 
ticality of adapting it to a working system design. The feasibility in- 
vestigation consisted of a series of interrelated activities combining 
analytical and hardware phases which served as the basis for the feas- 
ibility assessment. These included design analysis, ballistic studies, 
case fabrication processes and automatic firing fixture elevation. 


Design Analysis 


The experimental folded test weapon chamber and ammunition cartridge 
case were designed using the finite element stress analysis technique 
which took into account chamber and case deflections at peak pressure 
for satisfactory case performance. The analysis was made using a car- 
tridge configuration designed around the 5.56 mm FABRi projectile. As 
illustrated in Figure 5, there is a significant difference in the weapon 
support piven to the cartridge case in the folded configuration as opposed 
to conventional. [In order to provide for extractor engagement with con- 
ventional design, the case head can be onlv partially supported. Thus, 
it must be relatively massive to withstand the pressure developed by the 
burning propellant. On the other hand, Folded Ammunition can be fully 
supported since the cartridge case is not extracted from the rear but 
is pushed out from the front of the propellant capsule. This permits 
the design of a case which is thin wall in construction in the head as 
well as the body. Since approximately 40 percent of conventional case 
weight is in the head region, a considerable weight saving is achieved. 


The analysis required to design a Folded Ammunition case is less 
than that required for the conventional round because the folded case 
is completely inclosed by the chamber. The strength requirements in 
the case are determined solely by the need for case recovery after 
firing. 


The first part of the analysis is calculation of the radial ex- 
pansion of the inside chamber wall as a function of chamber pressure. 
Conventional weapon chambers are bodies of revolution with simple 
generating curves. Usually, the chamber may be approximated as an 
assembly of uniform cylinders. The deflection of a uniform cylinder 
under internal pressure is: 
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ry P 1+ é 
o = at EIEIO. ae 


L - (ry/t9)? 
where: 
E = Young's Modulus of Elasticity 
= Chamber pressure in psi 
ry; = Inside chamber radius in inches 
te. <= Outside chamber radius in inches 
oj = Deflection of inside chamber radius in inches 
y = Poisson's ratio 


The Folded Ammunition case, however, is not a simple body of revoluticn. 
In fact, a complete stress analysis of the chamber or case would require 
solution of the three-dimensional Balltrami-Mitchell equations. However, 
an approximation of chamber deflection can be obtained by analyzing cross- 
sectional slices of the chamber as two-dimensional problems. Using this 
approach, considered sufficient for this analysis, two sections, one at the 
rear and the other at the mid-section of the chamber, were chosen. A finite 
element grid was prepared for each section. The starting grids are shown in 
Figures 6 and 7, and the results of the analyses are shown in Figures 8 and 
9. These plots show lines of constant stress at intervals of 250 psi through- 
out each cross section. Figures 10 and 11 show a plot of the deformed geometry 
(solid lines) superimposed on a plot of the original grid (dashed lines). 
Both sections are assumed to be sections of long regular bodies, i.e., in 
plane strain. This means that the axial variation of stress in the weapon 
chamber is completely neglected and axial stress is assumed to be zero. This 
assumption gives radial chamber deflections that we estimate to be 10 to 20 
percent greater than actually occur in the weapon, thus making the analysis 
conservative. 


Table I presents the x and y components of the deformation vector of 
the nodal points on the interior radius of the chamber. The numbers may be 
combined vectorially to yield the radial deflection at each point. These, 
in turn, are averaged to determine the average radial deflection in the 
cross section. 


Once the average vadial deflections are known, case yield strength 
is determined so that the case will recover enough of its original shape 
after pressurization to insure extraction. Specifically, the requirement 
that case radial recovery be greater than chamber deflection implies 
that static extraction force is zero at zero chamber pressure. 
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Folded Chamber Distortion Plot (Rear Section) 


Figure 10. 
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Folded Chamber Distortion Plot (Mid-Section) 


Figure ll. 
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TABLE 1. 
Chamber Deflection at Nodes Located on 1.D, 


Rear Section (Ellipse) 





Middle Section (2 Holes) = 


X(x 107© in.) Y(x 1076 in.) X(x 1076 in.) Y¥(x 107° in.) 
26 0. 4 “5 
26 QO. 6 -4 
25 Wis 7 ~2 
23 9. 7 ~! 
2) QO. ? -i 
19 0. 7 0 
16 O. 7 1 
13 0. 7 ] 
9g 0. 5 2 
0 0. 0 2 


Average radial deflection = 


~6  _inches _ -6 _inches | 
19.7 x 10 1000 psi 4 SER TO ong 


Application of thin shell theory to the 


cylindrical portion of the 
Folded Ammunition case permits this criteria 


to be expressed as: 


where: 


Yield Yield strength of cartridge case material 


This approach in conjunction with the results from T 
minimum yield strength of 


Similar calculations carried vut for the cear section of the case indicate 


a minimum required yield Strength of 164,000 psi. 


able ] gives a 


the results of this analysis can be compared with the known solution 
for a thick-walled cylinder. The purpose of the comparison is to see how 
much effect increasing the barrel outside diameter has on reducing the 
minimum yield strength values required in the case, As the outside 
diameter of the thick cylinder increases, the internal deflection 
decreases and, in the limit, it approaches the value given by: 
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102,000 psi for a chamber pressure of 65,000 psi. 
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side diameter, The comparison 
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ry P 1 + (ri/ro) 
ag a + 
}- (rq/ry) 
1+ y 


Ammunition chamber sections with the cylinder 
be gained by large increases in chamber out- 
is made by converting the Folded Ammunition 
and then calculating the limiting value of 








internal deflection of that thick cylinder. Results are summarized in : 
Table Il. : 


TABLE IT. : 
Comparison of Internal. Diameter Deflections 5 


Finite Element Value Limiting Value 
128 x 107° in. 
40.9 x 10> in, 


Section A-A 104 x 1075 in. 


Section K-H 34.4 x 1072 in. 





Ballistic Studies 2 


Preliminary ballistic studies of the 5.56 mm Folded Ammunition were 
conducted in a heavy walled test weapon instrumented for measurement of 
chamber pressure, The weapon was desiyned to accept reuseable cartridge : 
cases which were assembled from several components allowing variation of 
internal volume and propellant charge distribution. The components of a 
represéntuiive case are shown in Figure 12. Propellant granulation and 
ignition studies were performed with this test hardware to establish the 
desired performance level. In addition, a parametric study was conducted 
to evaluate the effect on intevior ballistics of the 5.56 mm Folded Ammu- 
nition of varying the relative locations of the primer and propellant 
charge. Also studied wag the effect of throttling gas flow from propellant 
bed to projectile using flow areas of 1/3, 2/3 and full bore area. A 
special breech for the test weapon and special case bases were fabricated 
to permit firing with the primer located on the axis of the cylindrical 
portion of the case. Also fabricated were liners for the rear portion 
of the case which confine the propellant charge to the cylindrical 
portion and permit gas bleed-off through areas of 1/3 and 2/3 bore 
area, A representative liner is shown in Figure 13. The 
sectional area of the gas bleed-otf control 
for clarity. 
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(CROSS-SECTIONAL AREA OF 
GAS BLEED-OFF CONTROL 





GAS BLEED-OFF 
CONTROL SLOT 


PROPELLANT 
CHAMBER 


Figure 13. Gas Flow Control Liner 


The modified cases were fired in an instrumented test weapon with the 
following results. The standard case configuration and loading with primer 
positioned on the axis of the cylindrical portion produced no detectable 
effect on either pressure or velocity. When the 2/3 bore area liner was 
inserted and the entire propellant charge confined to the cylinder, average 
peak pressure increased by approximately 8 percent and muzzle velocity in- 
creased by approximately 2 percent. Using the same configuration as above 
but loading propellant in both the cylinder and throat produced a 20 per- 
cent increase in average peak pressure. Average velocity was the same as 
before but uniformity was substantially degraded. Using the 1/3 bore 
area liner and the propellant charge ayain confined to cylindrical area 
of the case, average peak pressure rose 10 percent while velocity de- 
creased 10 percent. Here again, ballistic uniformity was poor. 


Tt was concluded from these firings that locating the entire propellant 
charge in the cylindrical portion of the cause in combination with an axially 
positioned primer can provide a small increase in perfcrmance. However, 
the magnitude of this increase is such that other considerations such as 
case manufacturing procedures, may render {ts adoption impractical or 


2] 








cost-ineffective. Lt was also observed that restriction of gas flow from 
the propellant charge to the projectile tends to decrease performance and 
greatly degrades ballistic uniformity. However, this study was limited 
to the 5.56 mm caliber, and, specifically, the FABRL bullet, which has 

a comparatively low sectional density. More extensive studies will be 
required to determine whether specific ballistic advantages can be 
realized in other systems through variation of primer location, 
propellant position or gas bleed~off control. 


Based on the preliminary ballistic studies in the test weapon and 
results of the design analysis, a prototype cartridge was designed and 
fabrication initiated. Concurrent with this, a test barrel was designed 
and fabricated to accept this ammunition and permit firing from a universal 
test fixture. This barrel, in addition to being instrumented for measure- 
ment of chamber pressure, also permitted port pressure measurement to ob- 
tain data required for automatic firing fixture operating mechanism design. 
In order to obtain a pressure gradient, port pressure taps were provided 
at the normal MI6Al position (6 1/2" from muzzle) and at a position three 
inches closer to the bolt face. 


Test firings were conducted with pressure gages at the chamber and 
both port positions. Results of these tests indicated a pressure at the 
normal port position of 9000 psi for rounds fired at the desired per‘ormance 
level. This translates into a bolt cavity pressure of approximately 750 
psi. Since the MI6Al normally operates at a bolt cavity pressure of 1600 
to 2400 psi, a relocation of the pressure port was indicated. Figure 14 
is a graph of bolt cavity pressure versus port position calculated from 
the pressures measured in these test firings. From this curve, a new 
port position was selected for the automatic Folded Ammunition firing 
fixture. This position is four inches to the rear of the original in 
order to produce an estimated average bolt cavity pressure of 1800 psi. 


Interior ballistic studies in both the above test weapon and eventually 
in the automatic test fixtures resulted in selection of a propellant charge 
for the 5.56 mm folded FABRL cartridge that yields velocity and pressure 
levels comparable + those obtained with the conventional design. The 
data shown in Figure 15 compares interior ballistics of the conventional 
and folded designs using the same 5.56 mm FABRL bullet, 18 grains of 
propellant WC 680 and the standard FA 41 primer. These curves are derived 
from a series of test firings and are representative of these firings. 
Performance Jevels are statistically similar as are calculated efficiencies. 
The Folded Ammunition time~pressure curves showed no evidence of unusual 
spikes, pressure waves or ignition anomalies. Representative firing data 
are shown in Appendix B. 


The conclusion can be drawn that the folded design does not appear to 
introduce any negative effects on ignition or propellant combustion. There 
has been some indication in limited studies of a 30 mm system that in the 
heavier, Larger caliber projectises improved ballistic efficiencies can 
be achleved with the Folded Ammunition design. Studies are being continued 
in the 30 mm experimental test fixtures to ascertain the validity of this 
preliminary evidence. 
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Case Fabrication 





Due to the unusual shape of a folded cartridge case, the ability to 
produce this case at a rate and cost comparable to those of a conventional 
case was a matter for serious concern in this feasibility study. There~ 
fore, the establishment of a case fabrication process, that would indicate 
a high degree of case producibility, was considered an essential aspect 
in demonstrating the feasibility of Folded Ammunition. 


Three decisions had to be made at the outset of this feasibility study 
with respect to the number of case components, the forming technique and the 
case material. A two-piece case was selected in lieu of either a one-piece 
Or a three-piece case. The one-piece case was considered too difficult te 
mass produce while the three-piece, although easier to fabricate, was deemed 
too complex to meet the stringent requirements of a cartridge case. The 
forming technique chosen was an impact extrusion process (Figure 16) as 
the first approach in fabricating the unusually-shaped, two-piece folded 
case. For comparison, the standard blank cup and draw process used for 
fabricating the one~piece 5.56 mm bottleneck case, is shown in Figure 17. 
As can be seen, case processing steps have been reduced from 14 for the 
conventional to 8 for the folded. Of course, machine production rates 
must be taken into consideration as part of any comparative procedure, 
among other things, but the impact extrusion process used here enables 
a reduction in process steps when compared to conventional case fabrica- 
tion. On the other hand, the folded case was fabricated in two parts 
and this then increased the number of fabrication steps for the total 
case. Even so, a decision was made and carried through which resulted 
in a practical experimental method for case fabrication. Steel was 
selected as the folded cartridge case material for its cost-savings 
potential since it is approximately 40 percent of the cost of brass, 
the material from which standard cases are made. Aluminum and plastics 
were considered as material candidates but were ruled out at this time 
although they could be considered as possible candidates in the future. 


Having made these three crucial decisions, it remained to develop 
specific tooling and processing operations to fabricate the experimental 
Folded Ammunition cases. The tool drawings for the extrusion process 
for the 5.56 mm folded cartridge case are shown in Appendix B. Although 
many problems surfaced during this development, one of the major hurdles 
centered around extruding a steel with a high enough carbon content to 
achieve what were coasidered to be desired case mechanical properties 
(approximately 164 kpsi yield strength) through heat treatment. The 
lowest carbon steel which can be heat treated to the desired level is 
1035, a steel which is not suitable for impact extruding at the degree 
of reduction required for the process. Thus, an investigation was 
conducted to develop a means for circumventing this problem. The 
approach taken utilized a carburizing technique which would be 








a Pom ee sae ain whotwe edo ae rr on 


oseg aSptajqaeg peplog AOJ ssao0ag uoTSsMagqNy Jerqruy “gy eansty 





26 





i 
78 . 
Bat ae ol ae de 



































































































































uo TUuNWUY PaLpUeIs 1OF Ssaroid MvIg Puy ‘dng *yuelYg 


TW3NNY NIN 
BHLNOW ‘'NVI19 WIFLIVNII? 
“JARNIINSSIGLS ONnid'dad¥L 





NVI197 AVaG 
IWINNV aN033$ 


JOGINLEVD COLW WUgs’s 


TWINNV 
4g049 


NV319 3 
1WiINNY 





1BdNi 





ONIGVIH 





NV3193 
1WINNY 


"FT ean31y 


i 


27 








workable on a thin-walled structure such as the folded cartridge case. 
The case, therefore, was extruded from 1008 steel (the lowest carbon 
steel (commercially available and extrudable at the required degree 

of reduction), carburized to 1035 steel and then heat treated to the 
desired property levels. Figure 18 shows the uniformity or homogenity 
of such carburized microstructure and Table III lists the hardness 
readings obtained on the heat-treated carburized cases. 


TABLE IIT. 
Hardness Readings of Heat-Treated Carburized Cases 


Reading Hardness —- Re 

Position Case 1 Case 2 
29 32 
35 34 
39 4l 
32 33 
38 38 
36 36 
34 34 





It was found in subsequent testing that the carburized and heat 
treated cases were not sufficiently ductile to preclude splitting during 
test firings. In fact, it was found that uncarburized 1008 steel cases 
did possess sufficient ductility wherein the as-formed case could be 
successfully fired without splitting. This advantageous situation 
resulted in a significant simplification of the case process and it 
was found that satisfactory case ejection could be obtained in auto- 
matic test firing fixtures. The hardness pattern for this case is 
shown in Table IV. The final case process, then, is that shown in 
Figure 19. 


Loading and assembly of the experimental Folded Ammunition was 
accomplished in the manner depicted in Figure 20. The process con- 
sisted of inserting the projectile in the case to form a closed case 
body into which the propellant was loaded. The cap was primed separate- 
ly and then joined to the loaded case body. Although this differs from 
the @csesontional cartridge assembly, these steps should be amenable to 
production processing. Shown in Figure 21 in both external and cutaway 
views is the assembled 5.56 mm folded cartridge used in this feasibility 
study. Details of cartridge and components are contained in Appendix C. 
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NOTE, Overall Carbon Content: 0.32% 
Figure 18, Carburizged Microstructure for Folded Cartridge Case 
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Hardness Readings of Heat-Treated Uncarburized Cases 


Readiny Hardness ~- Re 
Position Case } Case 2 


B6él B58 
368 B74 
24 B98 
22 22 
22 24 
22 24 
B59 B58 
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Automatic Firing Test Fixtures 


The ability to feed a two-pronged folded cartridge on an auto- ' 
matic basis posed a question that could only be answered by actual 
experimentation. In the interest of minimizing cost and taking 
maximum advantage of existing hardware, automatic test fixtures 
were evolved through modification of standard weapons. Two weapons, 
the MI6Al and a Belgian Light Automatic rifle were chosen to provide 
latitude to pursue different design approaches based upon two signifi- 
cantly different operating mechanisms. In each case, the weapon was 
fitted with a 5.56 mm barrel chambered for the folded 5.56 mm FABRL 
cartridge. Magazines were designed for feeding the Folded Ammunition 
and appropriate modifications were made to the bolt and bclt carrier 
to provide the proper feed and mating with the folded design chamber. 

In order to make use of the highly desirable front end case ejection 
advantages of the folded system approach, ejector systems were fitted 

to the weapons and gas operating systems modified to provide satisfactory 
cartridge case removal. The modified weapons are shown in Figure 22. De- 
tails of the new and modified parts for both weapons are contained in 
Appendixes D and E. 


Firing tests were conducted in, both weapons to provide empirical 
data for refinement of operating mechanisms design resulting in evolution 
of fixtures which satisfactorily demonstrated that Folded Ammunition could 
be automatically fed, fired and ejected. Figure 23 shows a firing sequence 
representing a six-round burst from the modified MI6Al test fixture at a 
cyclic rate of 706 s.p.m. 


The firing cycle shown starts with the bolt in battery with a round 
in the chamber. Propellant gas from the first round fired pressurizes 
the bolt carrier. Then in proper sequence, the bolt unlocks and the 
expeller lever engages the expeller shaft pushing the fired case out 
of the chamber. As the bolt continues rearward, it permits the next 
round to enter from the magazine which is located horizontally on the 
other side of the weapon. This round pushes the fired case from the 
bolt face and into the ejection port as it moves into position for 
chambering. The return stroke of the bolt completes the ejection 
of the fired case and chambers the next round completing the cycle. 
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CONCLUSIONS AND RECOMMENDAT LONS 


The feasibility of the Folded ammunition/weapun system has been 
demonstrated by automatic test firing of experimental prototype ammuni- 
tion in automatic firing fixtures. Pertinent technology has been established 
in areas that are essential to the success of this new desfgn approach. These 
include: first, capability to match ballistic performance of conventional 
ammunition. Secondly, utilization of a two~piece case which performed 
satisfactorily in the riring test. Thirdly, the ammunition was fabricated 
using state-of-the-art impact extrusion machinery. Finally, it was shown 
that the folded shape ammunition could be automatically fed, fired and 
ejected with indications that this would not offer a stumbling block 
in the development of systems using this principle. 


As a result. of the success experienced in the testing of experimental 
folded system hardware and the real promise of fucure system optimization 
as indicated by Che advantages outlined in the introduction to this report, 
it is recommended that the conceptual phase of exploratory development be 
completed to provide combat development ayencies with hardware oriented 
data to determine operational capabilities, doctrine and specific material 
requirements that wil] provide Army, and very possibly Tri-Service forces 
with the improved capabilities that. can accrue from the folded system 
design principle. We recommend that the following approach be taken 
to achieve tinis goal. 


Jt is felt that the most cost effective program would be to develop 
required hardware oriented data using small caliber as the test vehicle. 
Jn the small caliber test vehicle the common cartridge, common fed rifle 
aad light machine gun approach would not only supply basic data but would 
be very advantageous in its applicability to the future small atms program. 
The utility of one common ammunition package unit suitable for use in the 
rifle or Light machine gun would he joined to the most advanced projectile 
desipn. In addition to the peneral information that would be glcuned from 
a smal] caliber proyram, specific parametric studies should also be con- 
ducted in both cannon and large caliber to provide the widest spectrum 
of information. 
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I 
AMMUNITION AND WEAPON SYSTEMS 


The invention described herein may be manufac: 
tured, used, and licensed by or for the Government for 
governmental purposes without the payment to me of 
any royally thereon, 

This invention relates to ammunittan and weapon 
systems therefor, and more particularly to a variety of 
such systems cach having the capacity to utilize car. 
tratge capsule ammunition, 

Present day cylindrical animunition does not repre- 
Sent the most efficient, over-all cartridge with respect 
to bulk and weight 

Tt is an object OF tte invention to provide weapon ar- 
rangements and cartridge capsule anmmunition rounds 
for use therewith which ure of lightness in weight and 
have improved bulk characteristics. 

Another object of the invention is to provide such 
ammunition and weapon arrangements that can be ad- 
vantageously used as partially recoilless, fully recoilless 
or closed breech ballistic systems. 

A further object of the invention is to provide such 
arcingements that can be advantageously used in either 
fixed projectile or bolt rammed projectile systems. 

A further object of the invention is to provide such 
arrangements that tacditate an improved manner of re- 
Moving spent ammunition rounds from the firing cham- 
ber of the weapon. 

A still further object of the invention is to provide 
Means for attaching the cartridges in arrangements that 
can be advantageously used in single shot, semi- 
dutomatic and fully automatic weapons 

Another object of the invention is to provide specific 


capsule cartridge shapes resulting in efficient packag- 3 


ing arrangements which can be advantageously used in 
rotary fed and in-line fed single shot, semi-automatic 
and fully automatic weapons. 

A further object of the invention is to provide both 
individual capsule cartridges and multi-cavity, unitized 
cartridge arrangements which can be advantageously 
used in rotary fed and in-line fed, single shot, semi- 
automatic and fully automatic weapons. 

These and other objects, features and advantages will 
become apparent from the following description and 
accompanying drawings in which: 

FIGS. 1-4 are perspective views of a variety of am- 
munition rounds embodying the principles of the inven- 
tron. 

FIG: § is a longitudinal sectional view of the FIG. 1 
round 

FIG. 6 is a longitudinal sectional view of a portion of 
a cosed breech weapon system for the FIG. § round. 

FIGS, 7 ts a sectional view taken substantially along 
fines 7--7 of FIG. 6. 

FUG. & is an exploded view of certain portions of the 
FIG. 6 arrangement subsequent te firing. 

FIGS. 9-13 are views, similar to FIGS. 1-5, of a mod- 
ified group of ammunition rounds. 

FIG $4 is a longitudinal sectional view of a portion 
of a recomless or partially recoilless weapon system for 
the FIGS 9-13 rounds. 

FIGS. 15-19 ure sinvilar views of a modified group of 
ommunition rounds 

GS 20 and 20 are longitudinal sectional views of 
modified portions of weapon systems associated with 
the rounds of FIGS $8.69, 
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FIGS. 22-26 are views, similar to FIGS. 18-19, of 4 
modified group of ammunition rounds. 

FIGS. 27 and 28 are longitudinal sectional views of 
maditied portions of weapon systems associated with 
the rounds of FIGS. 22--26. 

FIGS. 29-32 are perspective views of u further modi- 
fied group of rounds. 

FIGS. 33 and 34 are perspective views of clusters of 
capsules of the FIG. 30 and FIG. 32 rounds, respec: 
uvely. 

HGS. 38 and 36 ure perspective views of clusters of 
capsules of the FIG, 32 and FIG. Jf rounds, respec- 
tively. 

FIG. 37 is an end view of a modified form of cluster 
ariungement, 

FIG. 38 is a sectional view taken along line 38-- 38 
of FIG. 37. 

FIG. 39 is a perspective view of 4 modified cluster ar- 
rangement. 

FIG. 40 is ai, exploded persvective view of a linking 
clip member and ammunition round used in the FIG. 
39 arrangement. 

FIGS. 41-44 are end views of infegral multiple cavity 
containers of cavtridge capsule portions arranged in cy- 
lindrical form. 

FIG. 45 is a sectional view taken along line 48--4§ 
of FIG, 41, 

FIG. 46 is a longitudinal sectional view of a portion 
of a closed breech weupon system for the FIGS, 41-44 
ammunition, . 

FIG. 47 ts a longitudinal sectional view, partially bro- 
ken away, of multi-cavity container modifications for 
the FIGS. 41-44 cylinders. 

FIC, 48 is a longitudinal sectional view of a portion 
of a recoilless or partially recoilless weapon system for 
the FIG. 47 ammunition containers. 

FIG. 49 is a view, similar to FIG. 47, of further multi- 
cavity container modifications for the FIGS. 41-44 um- 
munition cylinders. 

FIGS. $0 and 51 are longitudinal section views of 
modified portions of weapon systems associated with 
the FIG. 49 ammunition containers. 

FIG. 52 is a view, similar to FIG. 49, of further multi- 
cavity container modifications for the FIGS. 41-44 am- 
munition cylinders, and FIG. 524A is a partial sectional 
view taken along line S2A—S2A of FIG. 82. 

FIGS. §3 and 54 are longitudinal sectional views of 
modified portions of weapon systems associated with 
the FIG. 52 ammunition containers, 

FIG. $5 is a longitudinal sectional view of a propel- 
lant capsule portion of a multi-cavity rectanguiar prism 
ammunition cluster. 

FIG. 56 is a partial sectional view taken along line 
56— 56 of FIG. §5. 

FIG. 57 is a sectional view taken along line §$7—57 
of FIG, 56, 

FIG. 58 is a longitudinal sectional view of a portion 
of a closed breech weapon system for the FIG, 3§ am- 
munition prisms. 

FIGS. §9-61 are views similar to FIG, $8 of modified 
arrangements. 

FIG, 62 is a longitudinal sectional view of a portion 
of a recoilless or partially recoilless weapon system for 
the FIG. §9 ammunition prisms. 

FIGS. 63 and 64 are longitudinal sectional views of 
modified portions of weapons systems associated with 
the FIG. 60 ammunition prisms. 
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FIGS. 6§ and 66 are longitudinal sectional views of 
modified portions of weapon systems associated with 
the FIG. 61 ammunition prisms. 

The FIG. 1 encapsulated ammunitian round shown 
gencrally at LOU meludes a thin capsule 102 (FIG. §) 
of ferrous, non-ferrous or synthetic miaterial of prede- 
termined contour Preferably ferrous, the cartridge 
capsule has an elongated substantially cylindrical 
chamber 103 and a propellant chamber 104 integral 
therewith but longitudinally offset therefrom. An inter 
mediate necked down metering orifice LOS intercon. 
neets or Murdly communicates the propellant chamber 
104 with the pressure chamber portion 106 of the cy- 
lindrical chamber 103. A projectile 107 ts stidably re- 
ceived in the forward barrel portion 108 of chamber 
103 in longitudinal abpnment with the pressure chan 
ber portion £06. An appropriate percussion primer 109 
is secured in asuitubly recessed and apertured rear wall 
partion of the capsule 102, preferably aligned with the 
propellant chamber 104 which contains the desired 
granular, flake, sheet or solid grain propellant 110. The 
transverse sections und end walls Pit of the FIG. 1 
round propellant chamber are of substantially rectan- 
gular configuration The embodiments of FIGS. 2, 3, 
and 4 are of substantially the same construction as the 
VIG. Lt round, but the transverse sections and corre: 
sponding end walls £12, 113, and Eb are of configura- 
tions which are substantially square, triangular, and cy- 
lindrical, respectively. 

The portion of the closed breech weapon system 
(FIGS. 6-8) includes a substantially cylindrical barrel 
120 having an axially offset cupsule chamber 121 inte- 
gral therewith, both the barrel and capsule chamber 
having a somewhat shortened common wall portion 
122 to accommodate the FIG. 1 round prior to firing 
(FIG. 6) which function is accomplished after the bar- 
rel dug 423 and capsule chamber lug 124 are simulta- 
neously engaged by the opposed heok or locking lugs 
128, 126 of the rotatable and longitudinally translat- 
uble breech means or bolts 127. The closed breech type 
bolt 127 has a firing pin 128, biased by spring 129 sur- 
rounding the firing pin rod ar stem 130, with its recep- 
tive breech opening 131 in operative alignment with 
the primer of the round to be fired. The barrel 120 has 
u transverse opening 120A and an appropriate conduit 
120C to direct pas energy for further weapon opera- 
tron. An ejection rod 134 1 slidably mounted in an ap- 
ertured forward wall 135 of capsule chamber 121 to 
rearwardly eject a fired or undesired round when the 
bolt 127 has been rotated out of locking engagement 
and translated rearward (FIG, 8). The chamber wall 
$35 is internally recessed to normally seat the ejection 
rod head 136. The capsule chamber 121 has a cross- 
section of substantially rectangular configuration to re- 
ceive the propellant capsulz portion of the FIG. 1 
round For firing of the FIGS. 2, 3, or 4 rounds, this 
transverse section configuration is substantially square, 
triangular or cylindrical, respectively. 

The ammunition rounds of FIGS. 9-13 are distin- 
guished from the FIGS. 1-5 rounds in that the upper 
cylindrical portion 103A of the thin capsule rearward 
walls each have a press fitted blow out disc 103C or a 
pre-formed weakened section as defined by an internal 
recess 103E (FIG 13) in the pressure chamber rear- 
ward wall portions The dise or weakened section L03C 
operatively aligns with the recoilless or partially recoil- 
fess weapon nozile 127A (FIG 14) of the rearwardly 
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enlarging tapered recoil vent 127C provided in the 
breech or bolt 127. The forward internal surface of the 
nozzle 127A is formed with a substantially sharp annu- 
lar edge to facilitate positive shearing action upon the 
operative portion of the weakened section 103C when 
sufficient propellant pressure is generated in the pres- 
sure chamber portion of cylindrical chamber 103 by 
the ignited propellant E10. 

Vhe ammunition rounds of FIGS. 15-19 contain sev- 
eral variations for their operative firings in the fixed 
projectile, insested bolt weapon systems of FIGS. 20 
and 2, Phe capsule cylindrical chamber 203 has an 
open rearward end 206A adjacent its pressure chamber 
portion 206, and contains a bottom gas vent 203A 
which ts substantially in vertical alignment with the 
blow out dise or pre-formed weakened section 204A 
defined hy internal recess 2046C in the upper wall of 
capsule propellant chamber 204. A suitable primer 209 
is located in the rearward wall of the propellant cham- 
ber which is integrally connected with chamber 203 by 
the forwardly opening cavity side and rearward walls 
205. 

hn both the FIG, 20 closed breech and FIG. 21 recoil- 
less or partially recoilless weapon systems the common 
wall portion 222, for the cylindrical barrel 220 and aci- 
ally offset capsule chamber 221, terminates with a rear- 
wardly extending tongue 222A that fits into the con- 
necting cavity and abuts the cavity rear wall 208 upon 
loading of the round, Fongue 222A has a vertical gas 
vent passage 222€ that places capsule chambers 203 
and 204 in fluid communication upon firing of the 
tound as the developed pressure gus blows out a por- 
tion of the weakened section 204A at the sharp edged 
Passage 222C and enters the pressure chamber 206 ad- 
Jacent the concave recess 227E provided in the forward 
face of the reduced tip portion 227G on the bolt 227B. 
The bolt 227B is longitudinally translatable in the rota- 
tional and longitudinally translatable breech member 
227. With bolt lug or pin 227H slidable in longitudinal 
slot 227F of member 227, the bolt is withdrawn rear- 
wardly prior to operative disengagement and engage- 
ment of the breech hooking or locking lugs 225, 226 
with the barrel lug 223 and capsule chamber lug 224. 
A recoilless or partially recoilless weapon nuzzle 227A 
(FIG. 21) is provided in bolt 227B at the juncture of 
the rearwardly enlarging tapered recoil vent 227C and 
the concave recess 227E. 

The ammunition rounds of FIGS. 22-26 ure distin- 
guished from the FIGS, 1$-19 rounds in that the upper 
portion of the capsule cylindrical chamber 203 has a 
lengthwise split or slotted wall 203C. A plurality of 
camming or dimple means 203E are provided on the 
mternal surface of the pressure chamber portion 206 
adjacent the slotted wall 203C and just rearward of 
projectile 107. This will facilitate the release and barrel 
chambering of the projectile as the longitudinally trans- 
latable bolt 250 (FIGS. 27 and 28) cams the dimple 
means 203E to spread the inwardly directed substan: 
ally annular flange 240 and pushes the projectile to its 
final pre-firing position in barrel 260, Cylindrical barre! 
260 differs from barrel 220 in that an additional inter- 
mediate internal recessed surface 261 is provided rear- 
wardly adjacent the rifling 262 to accommodate the 
forwardmost portion of bolt 250 in its firing position, 
while a further recessed surface 263 accommodates the 
spread portions of split chamber wall 203. The longitu- 
dinal stot 270 of the rotational an longitudinally trans. 
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latable breech member 270 is substantially longer than 
slot 227K. such that the lus or pin 227H on balt 250 
cain be accommodated for its intended full stroke The 
forward end af bolt 250 bas a forwardly opening nozzle 
surface 283 that intersects with a concave recess 284 
provided an the andenide of the bolt, so that the pres 
Sure chamber portion 206 Auidly Communicates gas 
vent pasnige 222€ wath the rearward end of projectile 
107 in both the HG. 27 closed Preeeh and FIG. 28 re- 
comless of partially recoilless weapon systems. “Phe 
rearwardly enlarging tapered recoil vent 256 (HIG. 28) 
in bolt 280 intersects concave recess 28.46 at the effec: 
tive recoilless nozzle throat 287. 

The ammunition rounds of FIGS. 29-32 are each 
provided with a longitudinally extending groove L041. 
of dovetail transverse configuration throughout the en- 
tire length of a selected propellant capsule chamber 
wall portion 104, as well as a mb or tongue protuber- 
ance 104M of substantially sinular dovetail configura- 
tion along the length of an opposed longitudinally ex- 
tending wall portion. Where each substantially sinnlar 
round hus is cortesponding tongue and groove su- 
faces 104M, 104L cxtending in parallel planes, succes- 
sive similar cartridge capsules can be integralty linked 


or connected (FIGS. 33, 34) ino substantially straight) + 


line cluster pattern The corresponding dovetailed 
tongue und groove surfaces of similar rounds can also 
be formed or oriented in non-parallel planes such that 
successive similar capsules can be integrally linked or 
matingly joined to form an arcuate or circular cluster 
pattern ar array (RIGS. 38, 36). Each cluster may be 
held in an appropriate fecding and stripping mecha- 
nism (not shown) which will enable the corresponding 
breech member to longitudinally translate cach 
stripped round infty ity weapon position prior to rota. 
tional locking motion of the breech member. It is con- 
templated that cach of the previously described rounds 
(FIGS. $, 13, 19, and 26) may be so dovetailed for inte- 
gral [inking of connecting purposes, and cach fired tn 
their respective weapons which can be slightly altered 
to accommodate the protruding rib or tongue. The 
breech locking arrangement on each of the respective 
weapons also can be relocated to a position somewhat 
rearward to enable the forward portion of the bolt to 
have a cross-sectional shape similiir or identical to that 
of the particular cartridge to be chanthered. 

A modified cluster arrangement (FIG. 37) inchules 
an annular linking member 300 of substantially rear- 
wardly opening U-shaped configuration (FIG. 38) hiv. 
ing a plurality of equally spaced arcuate of concave re 
cesses JOT along its peripheral or outermost surface 
302 to accommodate an arcuate undersurface portion 
of the capsule cylindrical chamber 203 on the FIG. U7 
ammunition rounds The rounds are shd forward onte 
the metal link ring 300 at cach recessed surface 301 
such that the ring cradles cach round at the rearmost 
clearance between its propellant chamber 204 and pro- 
jectile 107 of its supporting cylinder 203, It is conten: 
plated that the ring 300 be formed to cluster similar 
rounds from any of the groups associated with FIGS. S, 
13, 19 of 26 and that the cluster can be suitably 
mounted und indexed on weapon system cylindrical 
subs of the type to he later described with unitary and 
radially afranged ammunition containers or clusters 

The modified cluster arrangement (FIG. 39) employs 
a plureltty of individual clip members 320 (FIG. 40) 
which are shown to be joined or linked by insertion of 
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respective FIG. # capsule cartridges 101 into selected 
substantially C-shaped wines or clip portions of adja 
cent clips 320. bach link member 320 is formed from 
a prestotted bkink or metal member and goatiuns a 
substantially straight tategral or common portion ind 
Upper and lawer groups of alternately disposed loop 
portions 321, 322, 323 and 321A, 322A, 323A. The 
upper loaps are formed to enable simultaneous recep: 
tien of the cartridge capsule cylindrical chamber 103 
and projectile 107 by longitudinally spaced loops 323, 
321 of one fink and intermediate loop 322 of an adja- 
cent link, while the substantially rectangular propellant 
capsule portion 104 is clipped or received hy sespective 
loop portions 323A, 321A of the one link and middle 
loop 322A of the adjacent link. The substantially 
straight line type of cluster (FIG, 39) so formed can be 
used in the same manner as the unitary rectangular um- 
munition contiiners or clusters to be later described. 
Clip members 320 can also cluster Separate groups of 
cartridges of FIGS. 9, 1S, 22. The width of the straight 
common portion of the C-shaped clip portions can be 
reduced such that similar clips can cluster separate 
groups of cartridges of FIGS, 2, 10. 16, 23 as well as 
FIGS. 4, £2, 18, 28, The clipping or clustering of sepa- 
rate groups of cartridges of FIGS. 3, 11, 17, 24 can be 
accomplished where the pre-formed slits of the clip 
blank are of sufficient length that the lower loops can 
he bent or inclined to facilitate insertion of the rounds 

The integral or unitary multiple cavity containers 
SO0A, 4008, 400", 00D (FIGS. 41-44) are prefera- 
bly made of ferrous, non-ferrous or synthetic material 
is cylindrical form to contain a cluster of cartridge cup- 
sule portions similar to the respective ammunition 
rounds of FIGS. 1-4. The annular container 400A has 
a central cylindrical opening 401 (FIGS. 41,45) and in- 
cludes a plurality of circumferentially spaced cavities 
that are defined by integral cartridge capsule portions 
402 each having a cylindrical chamber 403 and longitu. 
dinally offset propellant chamber 404 which ts inter- 
connected by metering orifice 405 at the rearmost edge 
of separating wali 408A Orifice 405 fluidly communi- 
cates the propellant chamber 404 with the pressure 
chamber portion 406 of chamber 403 whose forward 
harrel portion 408 slidably receives projectile 107. A 
suitable primer 409 is secured in an appropriately re- 
cessed and apertured rear wall portion of each car- 
tridge cupsule portion 402, preferably aligned with pro- 
pellant chamber 404 that contains the desired propel: 
lant 110. An appropriate substantially annular ming 
Shaped end wall closure 411 is suitably secured with ce- 
ment or the like to seal the forward end of each propel- 
lant chamber 404 having a rectangular transverse con- 
figuration, Containers 400B, 400C, and 400D will re- 
quire similar ring end wall closures that suitibly seal 


s : ; 
their respective propellant chambers of substantially 
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square, trrangular and cylindrical configurations. 

The central opening 401 of each annular container 
400A, 400B, 400C, 400D, is slidingly reccived on the 
cylindrical stub 420A (FIG. 46) that extends rear- 
wardly from the weapon housing 420B and parallel to 
but substantially offset or below the barrel 420 of the 
closed breech weapon system for the FIGS, 41-44 oy. 
Iindrical capsule containers or clusters, Preferably, stub 
420A has a tapered rearward end and is centrally lo- 
cated within the rearwardly opening weapon housing 
annul) well 627 to facilitate the reception of the cylin. 
drical or annular containers that can be delivered by 
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the longitudinally translatable breech means or bolt 
427 prior to rotation of the breech to simultaneously 
secure the opposed hook or locking lugs 425, 426 in 
engagement with the weapoo housing lugs 423, 42d. 
After cach successive cartridge capsule portion is sud 
ably indexed toa tring position by means not shown, 
actuation of spring 429 surrounding the rod or stem 
$30 of firing pin 428 will inmate the aligned primer 409 
to fire the round, When all of the rounds in the cluster 
or continer have been fired, bolt 427 is rotated out of 
locking engagement und translated rearward to permit 
the spent container to be replaced by another multi 
capsule cluster of container, 

The multi-cavity ammunition containers of FIG, 47 
are distinguished from the FIG. 45 ammunition cylin 
ders in that the rearward walls of each cartridge cap- 
sule portion 402 have a blow out dise or pre-formed 
weakened section 403C as defined by internal recess 
403E adjacent the pressure chamber portion 406. Each 
recess 403E operatively aligns with the recoilless or 
partially recoilless weapon sharp cdged nozzle: 427A 
(FIG. 48) of the rearwardly enlarging tapered recotl 
vent 427C provided in the breech or bolt 427. 

The ammunition containers of FIG. 49, that are fired 
in the fixed projectile, inserted bolt weapon systems of 
FIGS. §0 and $1, are distinguished from the FIG. 4§ cy- 
lindrical clusters in that each cartridge capsule portion 
402 has its cylindrical chamber 403 defined by a 
through bore tu provide an open rearward end 406A 
adjacent its pressure chamber portion 406 for recep- 
ton of reduced Up portion $27G (FIGS. 50, $1) on the 
forward end of the bolt 427B that is longitudinall; 
translatable in the rotational and longitudinally trans- 
latable breech member 427. Preferably, a rearward 
upper wall portion of each capsule propellant chamber 
404 is internally recessed at 404C to provide a pre 
formed weakened section or blow-out disc 404A in the 
full common wall that separates cavities 403 and 404. 
When each primer 409 is actuated or inihated, devel- 
oped pressure gas blows out the weakened section or 
dis 404A and enters pressure chamber 406 adjacent 
the concave recess 427E provided in the forward face 
of holt ip 427G. With bolt pin 427H slidable in longitu- 
dinal slot 427F of member $27, the bolt is withdrawn 
substantially simultaneous with indexing of the assoct- 
ated ammunition cylinder by means not shown, and 
when a replacement ammunition cylinder is required. 
bolt withdrawal is followed by opcrative disengagement 
und engugement of the breech or locking lugs 425, 426 
with the weapon housing lugs 423, 424, A recuilless ar 
partially recoilless weapon nozzle 427A (FIG. 51) is 
provided in bolt 4278 at the juncture of the rearwardly 
enlarging tapered recoil vent 427C and the concave re- 
cess 427E 

The multi-cavity ammunition containers of FIG. §2 
ute distinguished from the FIG. 47 ammunition cylin- 
ders in that each cartridge cupsule portion 402 has the 
upper portion of its cylindrical chamber 403 provided 
with a lengthwise split or slotted wall 4038 (FIGS. 52, 
$2A). A plurality of camming or dimple means 4031 
ure provided on the internal surface of each pressure 
chamber portion 406 adjacent the slotted wall 4035 
just rearward of each projectile 107. This facilitates the 
release und barrel chambering of the projectile as the 
longitudinally translatable bolt 450 (FIGS $3 und 84) 
cams the dimple means 403 Ff tu spread the slotted wall 
and pushes the projectile to its final pre-firing position 
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in barrel 420, The internal surface of the housing annu- 
lar wall 421 is of appropriate dimensions that sufficient 
clearance is provided for lateral spreading of the split 
cylindrical chambers 403 during the projectile birre! 
chambering operations. The longitudinal slot 470 of 
the rotational and longitudinally translatable breech 
member 470 is substantially longer than slot 427% 
(FIGS. §0, $1), such that the pin 427H on bolt 4£0 can 
be accommodated for the intended full stroke of the 
bolt. The forward end of bolt 480 has a forwardly open- 
ing nozzle surface 453 that intersects with a concave 
recess 484 provided on the underside of the holt so that 
cach pressure chamber portion 406 fluidly communi. 
cates developed pressure gas from the respective pro- 
pellant chamber 404 with the rearward end of the cor- 
responding projectile 107 during operation of both the 
FIG. 53 closed breech and FIG. 54 recoilless or pur- 
Hially recoilless weapon systems. The rearwardly en- 
lurging tapered recoil vent 456 (FIG. §4) in bolt 450 
intersects concave recess 454 at the effective recoilless 
nozzle throat 487, 

The unitary or integral multiple cavity ammunition 
cluster $00 (FIGS. 5§--§7) is a rectangular prism which 
1s made of materials similar to the aforementioned mul- 
W-cavity cylindrical ammunition containers and in- 
cludes a plurality or cluster of cartridge capsule por- 
tions $02 that are integrally arranged in’ laterally 
spiced positions across the prism as it is successively 
moved or fed transversely through the firing Chamber 
SOV (FIG. $8) ot a closed breech weanon system hiv: 
ing an integral arrangement for the closed breech o1 
bolt and barrel portions $27 and $20, respectively. 
Lach cartridge capsule portion §02 is very similar to 
the cartridge capsule portions 402 of the FIG. 45 um. 
munition cylinder. Preferably, a rectangular shaped or 
clongated cover S11 is cemented to an appropriate re- 
ceptacle therefor extending across the forwardmost 
portions of the successively arranged propellant cham- 
bers 404, While each of the propellant cavities S04 in 
the FIG. §§ elongated ammunition prism has been 
formed with a transverse section of substantially reet- 
ungular configuration, the propellant cavities 404 of 
the rectangular prism may also be of substantially 
square, tnangular and cylindrical configuration, and 
the end wall closure or seul §1f would not require mod- 
Wication, 

The type of multi-cavity ammunition prism S00A 
(FIG. $9) are distinguished from the FIG. §§ ammuni- 
tion prisms 500 in that the rearward walls of cach car- 
tridge capsule portion $02 for each of the prisms is pros 
vided with a blow out disc or a pre-formed weakened 
section SA3C as defined by internal recess SO3E adja- 
cent the pressure chamber portion 406. Euch recess 
SOSE. operatively aligns with the recoilless or partially 
recoilless weapon sharp edged nozzle §27A (FIG. 62) 
of the rearwardly enlarging tapered recoil vent §27C 
provided in the bolt portion §27, 

The type of ummunition prism 800B (FIG. 60), that 
ure fired in the fixed projectile, inserted bolt weapon 
systems of FIGS. 63 and 64, ure distinguished from the 
HG, §5 ammunition prisms in that each cartridge 
capsule portion §02 has its cylindrical chamber 403 de- 
fined by a through bore to provide an open rearward 
end 406A adjacent its pressure chamber portion 406 
for reception of reduced tip portion §27G (FIGS 63, 
64) on the forward end of the bolt §278 that is longitu. 
dinutly translatable in breech portion $27, A rearward 
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upper wall portion of each capsule propellant chamber 
404 is internally recessed at 404C to provide a pre- 
formed weakened section or blow out disc 404A in the 
full common wall thal separates cavitics 403 and 404, 
When cach primer 409 ty actuated of mitiited, devel: 
oped pressure gity blows out the weakened section or 
dise 404A and enters pressure chamber 406 adjacent 
the concave recess 527K provided in the forward face 
of bolt up §27G. An appropriate pin and slot connec- 
tion (not shown) between bolt §27B and breech por- 
tion §27 cnadles the bolt to he withdrawe substantially 
simulitneous with Indexing of feeding of the assoctated 
tinmunition prism through chamber SOP by means net 
shown. Bolt $278 is also withdrawn when a replace 
Ment ammunition prism ws requaed. A cecodless o1 paur- 
tially recoilless weapon nozzle §27A (FIG. 64) is pro 
vided in bolt §27B at the juncture of the rearwardly en 
larging tapered recoil vent §27C and the concave re- 
cess §27F 

The wpe of anmmunition prism S00C (FIG. 61) ate 
distinguished from the FIG. 6@ ammunition prisms in 
that each cartridge capsule portion $02 has the upper 
portion of its cylindrical chamber 403 provided with a 
lengthwise split or slotted wall 4035 and a plurabty of 
camming or dimple means 403T are provided on the 
internal surface of each pressure chamber portion 406 
adjacent the slotted wall 4038 just rearward of cach 
projectile 107. This facilttates the release and barrel 
chambering of the projectile as the longitudinally trans- 
latable bolt S80 (FIGS. 65 and 66) cams the dimple 
means 4$03T to spread the slotted wall and pushes the 
projectile to its final pre-firtng position in barrel 520, 
The internal upper surface of the firing chamber SOL is 
suitably dimensioned that sufficient clearance is pro- 
vided for spreading of the slotted walls. A suitable pin 
und substantially long slot connection (nut shown) be- 
tween holt $50 and breech portion $27 will enable full 
longitudinal motion of the bolt $80 throughout its mn. 
tended full stroke. The forward end of bott §$0 has a 
forwardly opening nozzle surface S§3 that intersects 
with a cancave recess 554 provided on the underside 
of the bolt so that cach pressure chamber portion 406 
fuidly communicates developed pressure gas from the 
respective propellant chamber 404 with the rearward 
end of the corresponding projectile 107 during opera- 
bon of both the FIG, 65 closed breech and FIG. 66 re- 
coilless of partially recotiless weapon systems. The 
rearwardly enlarging tapered recoil vent 556 (FIG. 66) 
in bolt 550 intersects Concave recess 584 at the effec: 
tive recoilless nozzle throat §§7. 

Various modifications, changes and alterations may 
be resorted Co without departing trom the scope of the 
invention as defined by the appended claims. 

T claim 

1. An ammunition capsule comprising, 

wu unitary capsule body having an elongated longituds- 

nally extending cylindrical chamber, sind chamber 
having a forward barrel portion for slidably receiv: 
ing a projectile and a pressure chamber portion 
aligned with and rearward of said barrel portion, 

a one-piece imperforate propellant capsule chamber 

which remains intperforste and is integral with and 
laterally offset fram suid elongated chamber, 

sand propellant capsule chamber having metering ort 

fig means for Muidly communicating the prupel- 
fant capsule chamber with sind pressure chamber, 
and 
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« primer carried by an exterior surface of said ammu- 
nition capsule body for igniting a capsule propel- 
lant charge. 

2. The structure in accordance with claim ft wherein 
said propellant chamber has a transverse section of 
substantially rectangular configuration, 

3, The structure in accordance with claim 2 wherein 
said transverse section is of substantially square config- 
uration. 

4. The structure in accordance with claim J wherein 
satd propellant chamber has a transverse section of 
substantially tuangular configuration. 

8, The structure in accordance with claim | wherein 
said propellant capsule chamber has opposed longitudi- 
nally extending external wall portions, one of said wall 
portions having a longitudinally extending groove and 
the other wall portion having a tongue protuberance of 
a substantially similar configuration as said groove 

6. The structure of claim § wherein said propellant 
chamber has a transverse section of substantially rect- 
angalac configuration, 

7. The structure of claim’ 6 wherein said transverse 
section is of substantially square configuration, 

&. The structure of claim § wherein said propellant 
chamber has a transverse section of substantially trt- 
angular configuration. 

9. The structure of claim 5 wherein suid groove ex- 
tends to the rearward edge of said capsule. 

{0, The structue of claim 5 wherein said propellant 
chamber has a transverse section of polygonal configu- 
raion. 

If. The structure of claim § wherein said propellant 
chamber has a transverse section of substantially 
square configuration, and said pressure chamber por- 
tion has means spaced from said primer for rearwardly 
exhausting operatively developed pressure gas there- 
fron. 

12. The structure of claim) S wherein suid pressure 
chamber has means spaced from said primer for reur- 
wardly exhausting operatively developed pressure gus 
therefrom. 

13. The structure in accordance with claim 12 
wherein said propellant chamber has a transverse sec- 
tien of polygonal configuration. 

14, The structure in accordance with claim § wherein 
a tearward wall of suid pressure chamber portion has 
a pre-formed weakened section for use with a recoil 
vent in breech meuns of a recoilless system. 

15. The structure of claim 14 wherein said propellant 
chamber has a transverse section of polygonal configu- 
ration. 

V6. The structure of claim 15 wherein said transverse 
section is of substantially triangular configuration. 

(7. The structure tn accordance with claim 1§ 
wherein said transverse section is of substantially rect: 
angular configuration. 

18. The structure of claim: 17 wherem satd transverse 
section is of substantially square configuration, 

19, The structure of claim 14 wherein said propellant 
chamber has at transverse section of polygonal configu: 
ration. 

20. The structure in accordance with claim | wherein 
sald propellant chamber hus a transverse section of po- 
lygonal configuration. 

21, The structure in accordance with claim 20 
wherein a rearward wall of said pressure chamber por- 
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tron has a pre-foomed weakened section for use with a 
recoil vent in breech means of a recoilless system. 

22. The structure of claim t wherein said propellant 
chamber has a transverse section of substantially 
square configuration, and said pressure chamber por- 
tion has means spaced from suid primer for rearwardly 
exhausting operatively developed pressure gas there- 
from. 

23. The structure of claim 1 wherein said metering 
orifice means is a necked down passage interconnect- 
ing suid capsule propellant chamber and said pressure 
chamber. 

24. The structure of claim 23 wherein said propellant 
chamber has a transverse section of substantially 
square configuration. 

25. The structure in accordance with claim | wherein 
a rearward wall of said pressure chamber portion has 
a pre-formed weakened section for use with a recoil 
vent in breech means of a recoilless system. 

26. The structure of claim 25 wherein said propellant 
chamber has a transverse section of polygonal contigu- 
ration. 

27, The structure in) accordance with chum 25 
wherein said propellant chamber has a transverse sec- 
tion of substantially rectangular configuration. 

28. The structure of claim 27 whercin said transverse 
section ts of substantially square configuration. 

29. The structure of claim 25 wherein said propellant 
chamber has a transverse section of substantially tri- 
angular configuration. 

30. The structure in accordance with c'aim 1 wherein 
wall poriions of said elongated chamber and propellant 
capsule chamber are connected by a transversely ex- 
tending wall, said chamber wall portions being trans. 
versely spaced from each other and having transversely 
aligned operative port means defining said metering or- 
ifice means. 

31. The structure of claim 30 wherein said propellant 
chamber has a transverse section of polygonal configu- 
ration. 

32. The structure of claim 30 wherein said propellant 
chamber has a transverse section of substantially 
square configuration, and said pressure chamber por 
tion has means spaced from said primer for rearwardly 
exhausting operatively developed pressure gas there- 
from. 

33. The structure of claim 30 wherein said propellant 
chamber less has longitudinally extending external wall 
portions including means for connecting an adjacent 
capsule. 

34, The structure of claim 30 wherein said pressure 
chamber portion has means spaced from said primer 
for rearwardly exhausting operatively developed pres- 
sure gus therefrom. 

35. The structure in accordance with claim 34 
whercin said propellant chamber has a transverse sec- 
tion of polygonal configuration. 

36. The structure of claim 30 wherein said port 
means includes a gas vent in said cloinyuted’ chamber 
wall portion and a pre-formed we ken. section in said 
propellant capsule chamber wall scrtion 

37. The structure of claim 36 wii.reis said propellant 
chamber has a transverse section of polygonal configu- 

ration. 

38. The structure of claim 36 wherein said propellant 
chamber has a transverse section of substantially 
square configuration, and said pressure chamber por- 
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tion has means spaced from said primer for rearwardly 
exhausting operatively developed pressure gas there- 
Srom. 

39, The structure of claim 36 whercin said propellant 
chamber has longitudinally extending external wall 
portions including means for connecting und adjacent 
capsule. 

40. The structure of claim 36 wherein said pressure 
chamber portion has means soaced from suid primer 
for rearwardly exhausting operatively developed pres- 
Sure gas therefrom. 

41. The structure of claim 40 wherein said propellant 
chamber has a transverse section of polygqnal configu- 
ration 

42. The structure in accordance with claim 30 
whereity an upper surface of said propellant chamber 
has a pre-formed weukened section. 

43, The structure of claim 42 wherein said propellant 
chamber has a transverse section of polygonal configu- 
rution. 

44, The structure of claim: 42 wherein said propellant 
chamber has a transverse section of substantially 
square configuration, and said pressure chamber por- 
thon has means spaced from said primer for rearwardly 
exhausting operatively developed pressure gas there- 
from. 

45, The structure in accordance with claim 42 
wherein cach propellant chamber has longitudinally ex- 
tending external wall portions including means for con- 
necting an adjacent capsule, 

46, The structure of claim 42 wherein said pressure 
chamber portion has means spaced from said primer 
for rearwardly exhausting operatively developed pres- 
sure gas therefrom. 

47. The structure of claim 46 wherein said propellant 
chamber has a transverse section of polygonal configu- 
ration. 

48. The structure in accordance with claim 42 
wherein said propellant chamber has a transverse sec- 
tion of substantially rectangular configuration. 

49. The structure of claim 48 wherein said transverse 
section ts of substantially square configuration. 

50. The structure of claim 42 wherein said propellant 
chamber has a transverse section of substantially tri- 
angular configuration. 

$1. The structure in accordance with claim 1 wherein 
said pressure chamber portion has an open rearward 
end 

$2. The structure of claim §1 wherein said propellant 
chamber has a transverse section of polygonal configu- 
tation. 

S3. The structure in accordance with claim 51 
wherein said propellant chamber has longitudinally ex- 
tending external wall portions including means for con- 
necting an adjacent capsule. 

54. The structure in accordance with claim §1 
wherein said propellant chamber has a transverse sec- 
tion of substantially rectangular configuration. 

55, The structure of claim 54 wherein said transverse 
section is of substantially square configuration. 

56. The structure of claim 51 wherein said propellant 
chamber has a transverse section of substantially trt- 
angular configuration. 

57. The structure in accordance with claim 5] 
wherein said propellant capsule chamber has opposed 
longitudinally extending external wall portions, one of 
said wall portions having a longitudinally extending 
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groove and the other wall portion having a tongue pro- 
tuberance of a substantially similar configuration as 
sail groove 

§8. Phe stuuctie of chat 87 wherem sud propellant 
chamber has a tramsverse section of polygonal configu: 
ration. 

$9. The structure of claim §7 wherein said propellant 
chamber has a transverse section of substantially rect- 
angular configuration, 

60. The structure of claim 59 wherein said transverse 
section is of substantially square configuration. 

61. The structure of claim $7 wherein said propellant 
chamber has a transverse section of substantially i 
angulir configuration, 

62. The structure in accordance with claim 51 
wherein an upper strface of said propellant chamber 
has a pre-formed weakened sechan, 

63. The structure in accordance with clam 62 
wherein said propellant chamber Nas a transverse sec 
tion of substantially rectangular configuration 

64. Che structure of claim 63 wherem said transverse 
section ps of subscantally sqaure configuration, — 

OS. The structure of chains 62 wherein said propellant 
chamber has a transverse section of substantially tet 
ungular configuration, 

66. The structure of chain 62 wherein said propellant 
chamber has a transverse section of polygonal configu- 
ration. 

67. The structure of claim 62 wherein each propel 
lant chamber has longitudinally extending external wall 
portions including means for conuecting an adjacent 
capsule, 

68. Vhe structure of chime bE wherein said propellant 
chamber has Jongitudinally extending external wall 


portions including means for connecting an adjacent 
capsule 
69. The stuucture in accordance with clin 68 


wherem said connecting means is partially defined by 
a longitudinally extending groave inong of sad exter 
nal wall portions, said groove extending to the rearward 
edge of satd capsule. 

70. The structure of chant 69 wherein a rearward 
walbof said pressure chamber portion has a pre-formed 
weakened section for use with a recoil vent in breech 
mewhs of a recotlless system 

Th. The structure of chain: $2 wherein inwardly pro 
truding dimple means are focited on the internal sus 
face of said pressure chamber portion. 

72. Uhe structure of claim 71 wherein said propellant 
chamber has a transverse section of polygonal configu 
rayon 

73. The structure in accordance with chum 73 
wheeein cach propellant chamber has longitudinally ex- 
tending external wall portions including means for con 
necting an adjacent capsule 

74. The structure of clin 73 wherein inwardly di- 
tected flange ingans are provided on the forward end 
of sail fared portion 

78, The structure of claim 74 wherein said propetfint 
chamber fas a transverse section of polygonal configu 
Attn 

76, The structure of claim 74 wherein cach propel 
hunt chamber has longattdinally extending external wall 
portions including: means tor connecting at adjacent 
capsule 

77, She sthuchive of cham 74 wherein sa clonpated 
Chamber has a dongitudioalls slotted wall portion 
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78, The structure of clans 77 where said propellant 
chamber has a transverse section of polygonal configu 
Gauttaney 

79, The structure of chun 77 wherein sat propetiant 
chamber has longitudinally extending external wall 
portions including means for connecting an adjacent 
capsule. 

80. The structure in accordance with claim 77 
wherein said propellant chamber has a transverse sec- 
tion of substantially rectangular configuration. 

81. The structure of claim 80 wherein suid transverse 
section is of substantially square configuration, 

82. The structure of claim 77 wherein said propellant 
chamber hus a transverse section of substantially tri- 
angular configuration. 

83. The structure of claim 71 wherein said elongated 
chamber has a dongitudinally slotted wall portion. 

84. The structure of clains 83 wherein said propellant 
chamber has a trinsverse section of polygonal configu: 
ration. 

85. The structure of claim 83 wherein cach propel: 
iant chamber has tonpitudinally extending external wall 
portions including means for connecting an adpicent 
capsule. 

86. The structure ins accordance with chum 83 
wherein said propellant capsule chamber has opposed 
longitudinally extending external wall portions, one of 
said wall portions having a fongitudinally extending 
groove and the other wall portion having a tongue pro- 
tuherance of a substantially similar configuration its 
Sad groove. 

87, The structure tn accerdance with chum 86 
wherein said propellant chamber has a Gitsserse sce- 
ton of polygonal configucition, 

88. The structure of claim 86 wherein sind propellant 
chamber has a transverse section of substantially rect 
aungalar configuration 

89, The structure of clin: 88 wherein sd: trans cise 
section ts of substantially square configuration, 

9). The structure of clain: 86 wherein said propellant 
chamber has a transverse section of substantially tre 
angular configuration. 

91. The structure accorssnes with clan #0 
wherein an upper surface of said propellant chamber 
has a pre-formed weakened section 

92. The structure of clam 9D wherein sad propellant 
chamber has a trinsserse section of polygonal configu: 
ration, 

93. The structure in accordance with clam 91 
wherein said propellant chamber has a transverse see: 
tion of substantially rectangular configuration. 

94. The structure of claim 93 wherein said transverse 
secon Is of substantially square configuration 

9S. The structure of claim ! wherein suid pressure 
chamber portion hay means spaced fram sin primer 
for reanwardly exhausting operatively deseloped pres: 
sure gas therefrom 

96. The structure im accerdance with ekum 83 
wherein an upper surfice of said propellant chamber 
has a pre-formed weakened section, and snd propel 
lant chamber has a tritsverse section of polygonal con: 
figuration, 

97. The structure of cham 96 wherein said propellant 
capsule chamber has opposed tongitudinally extending 
external wall portions, one of said wall portions having 
ao donpitudiadly extending proove and the other wall 
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portion having u tongue protuberance of a substantially 
similar configuration as said groove 

98. The structure of claim 96 wherein wall portions 
of said elongated chamber and propellant: capsule 
chamber are connected by a transversely extending 
wall, said chamber wall portions being transversely 
spaced from each other and having transversely aligned 
operative port means defining suid metering orifice 
meuns. 

99. The structure in accordance with claim 96 
wherein said propellant chamber has a transverse sec- 
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tion of substantially rectungular configuration. 

100. The structure of claim 99 wherein said trans. 
verse section is of substantially square configuration. 

101. The structure of claim 96 wherein suid propel- 
lant chamber has a transverse section of substantially 
triangular configuration. 

102. The structure of claim 9§ wherein said propel- 
lant chamber has u transverse section of polygonal con- 
hguration. 



































APPENDIX B 


Representative Firing Data 









































APPENDIX B 


Representative Firing Data 


Ee TT |e ee SPT ag Ee MOM TTR rome rT] MORE My 






Muzzle Chamber Bolt Cavity : 
[ Rd Velocity Pressure Pressure i 
No. Weapon (Eps) (KPSI) (KPST) | 
391 Belgian LAR 3007 - N i 
392 (Modified) 2966 45.0 i 
| 393 3226 44.5 i 
f 394 3262 50,0 " ! 
395 3134 43.0 _ 
396 3028 39.5 " 
397 3222 43.5 - 
i 
v = 3121 P = 44,2 
398 Belgian LAR 2972 44.5 N 
399 (Modified) 2874 48.0 
400 3040 41.5 - 
401 3228 41.5 i 
402 3037 44.5 . 
403 3166 44.5 i 
404 3046 44.5 = 









3105 








3059 





406 M-16 Al 3218 N 16 















05 

407 (Modified) - " 15.0 
408 3169 " 11.0 
409 3249 a 11.0 
410 3211 " 19.5 
411 3323 ui 19.5 
412 3174 7 20.0 
413 3271 " 19.5 
3213 25 









3228 
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= 16. 
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N - Not Measured 

















APPENDIX C 


Tool Drawings for Case Extrusion Process 


yr, 


roi SSeS PME Te, ele Tar 


TT oe 





at 
= 
= 
ig 


x 























5° a iT NOLISS 
Par 2.9 
med) 























RPM Re NANA RN NT TTT 
™ eRe Arr PR pA eT aN Ne ET eye a me 





MSP TMA EPLATS TPN mn 





acy MOASRSBLX A a4 





Sa iy 
BINSAWD AS% 





Fv afte ite te eatin cine ee "NL S394 * WOM 
GS-LS Pay SA S8VI9 ‘| oe Bases 
OLS -L DO — Wan 


{HS SW SB7WId -2) : 
Ss) 2, *wosie- 

Zorwi we! B95 3 i 

sar} “2: SEVON weaee et St ne 








= oct 
oe 0a Ps se 
——— oe os Vea SBI -S —-~.. e 
SQ WN SOLE *L- 6D TTA | CH! pe 


SIT PACT S 


Heke arte 


ar geutahee te ae oe VET Br 





TS 15 Dat : 
BS 1S 2A 'SG SewID'SS -1L-OO- WAL, cet 








~as 
bee 
Shia aeerat I = 
good t/a, lan on a 
- femme ar = TT ce en ee ee 
emi 





i rm, eed i a ae en al 
yf i , 
fo 
Ls o 


ye eM ARNETTE PANE MANN " 
i 


62 



































11\ wwe 


ied 


CNASOAKSD 
dvD is \) 


(S35 y 


2) | 
wregtae| NE 


(oe 


423 s0"9, 2 av 
WWAQ SB rOKN-S _,. 





peg, ber] Is 









mga Kwa HA 
Boy vay any 
WWaq Ss 70H -s 


red t -, 
Cite. es 
sa SSW7D GLa oO 


et, 





Wwihivin 















63 




















— ED aw 


a te | Sic ae 


Mid A “acy bade 
3 MBO SBI VY 2 


Lrea_h jf, B23 38° D > 
K ANB gsnoK, “a —~ 


=e 
Za AO 
x saery 














- Saedime: See ass = Sy a ae re ee eae 


aodey 
















































































“wactiey 





ne Se 


FENG Pox, 





UG NOLES 





meer So EET Ee er ee a 
Seta Oak Neen Rey eres moe oF oo 
vee 4 ae 7 for be) J0OnN OC 
maanc ae Gunnery | — Pd BALL OBL Obs Teh 4 Lee — ; 
wee? on3 : Be aa Soene Mare 
Re 
“V9 






| LBL RRL LYS [ ebseciroent ayes a ae esate aS 
- es 4 one as --- ads = 








tee 


‘toys ip 


t 


Seo S527 





so004+ CSL | 


ae re 


“~~ 
ero h—olorom a 
/ \ : 
Nig WO 9 wo ; 
&? ¢ = / “em SSLE A Le Lieg 8\- l/s 


“ao WwYwn onw - f 
W3Q, eee 2 # good + \~ ae S82 -% 


a ee epee St er eee et er 


can =e 


65 

































































{ fes) 





ANMY BHL 40 120 
SdyOD JINVNGYO 


fo tk Nn] 1 LN (.:e Fwse 
NSA BLD BAOSAVD one} 


AVASgAY>D 


Oat a tees 
RDM Ac 














66 


amas 


WIACEZAV - 
gooGs - 














NOOSA Sins 
aVD GNB wz) 











i 



































SEO TTT 





ELS LETT NTL lc 





dle agian Ad a) LM ec i TT a 





a : oT svreaee NO SHONWEETOL eee Saree 
Ba 2 Save WHIM. noe ee ee 





























ea = 

















SLNANDANOD 
NOSIS {cee 





ANMY 3Hi 20 1a30 
§dyOD JINVNGYO 


INV ‘ 
Ep 

















Ly asy > 





























(MO SOBLAD Desa Ld 


LAG - AVON > 





aan AN 









4 





AAV TOUS HER mea nad Bees Seat panini mac oY soc csocper tebe tani thay 





ee 
i j a 


See TA: “seas 


7 Brno pe 


Wy OCEF 


(EAL) SOS, 











APPENDIX D 


Folded Cartridge Details 
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SKETCH LIST 


NOMENCLATURE 


5.56mm Folded Rifle, Assembly 
5.56mm Folded Rifle, Sectionrd 
Barrel (2 Sheets) 

Firing Pin 

Bolt Face 

Bolt Extension 

Bolt Carrier Modification 


Upper Receiver Housing Modification 


Barrel Coupling 

Buffer 

Expeiier iever 

Expeller Shaft 

Expeller Bearing 

Magazine Housing, 

Lower Housing Modification 
Sear, Automatic Modit ication 
Pins, Lower Housing Assembly 
Magazine, Assembly 

Magazine, Body 

Magazine, Spring 

Magazine, Base 

Magazine, Follower 

Chamber, Reamers 











Isometric Ass‘y 


SKETCH NO 


JAD-1 
JAD-2 
JADd-3 
JAD-4 
JAD-5 
JAD-6 
JAD-~7 
JAD-8 
JAD--9 
JAD~10 
JAD-11 
jet? 
EAA) 5 
JAD-14 
TAD: 15 
JAD-16 
JAN V4 
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asm 4a 
TAD-20 
JAD-2 
JAD- 22 
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SKETCH LIST 


Side Cover (Cacking Lever), Mod 17 
Detent, Mapazine Cateh 

Latch, Mapyazine, Mod I1 
Sub-Assembly, Magazine, Adaptor 

Back Magazine, Fln-Folded 

Body Magazine, Flu-Folded 

End, Magazine 

Yollower, Mod 1] 

Spring, Magazine, Mod I1 

Tube, Magazine Sub-Assemply, Mod 11 
Red, Piston 

Adapter, Gas CyJinder, Mod 11 

Piston 

Detail of Groove Cylinder, Gas, Mod TL 
Cylinder, Gas, Med IT 

Sleeve, Mod Jl 

Socket, Gas Tube, Mod 11 

Spring, Expeller Return 

Extension, Expeiter, Mod ii 
Expeller, Mod 1] 

Spriny,, Pin, Bolt 

Spring, Return Firing Pin 

Pin, Belt Support, Mod 11 

Carrier, Bolt, Mod IL 

Firing Pin, Med J1 

Front Sight Sub-Assembly, Moditied L.A.R. 
Kicker 

Nandle, Mod 11 

Barrel (Detai)), Mod 11 

Barrel, Mod J] 

Receiver, Kicxer Slot Detail, Mod Ii 
Pawl, Mod 11 

Bolt, Mad IJ 

Magazine Adaptor, Flin 5.356 mm Folded 
Sub-Assembly, Cas System 

Bolt, Sub-Assembly 

Buliet, Chamber, Reamer 

Fore Arm, Mod 11 

Chamber, Mod 11] 
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